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S U M M A R Y  

The a n a l y t i c a l  r ep resen ta t ion  of t he  main p a r t  of t he  magnetic 
f i e l d  is expanded by the  desc r ip t ion  of f i e l d  dependence on time f o r  t h e  
per iod  about from 1850 t o  1950. The e s s e n t i a l  component p a r t s  of t h e  secu- 
lzr v s r i a t i o n  a r e  analyzed. 

* * *  
The p o t e n t i a l  of t h e  m a i n  p x r t  of t h e  magnetic f i e l d  is computed 

i n  t h e  genera l  case wi th  the  view of  a n a l y t i c a l  r ep resen ta t ion  of t h e  es- 
s e n t i a l  conponent p a r t s  of  t h e  m a p e t i c  f i e l d  of t he  Ear th  at  t h e i r  g l o b a l  

desc r ip t ion .  To t h a t  e f f e c t  i t  i s  necessary t o  introduce f o r  t h e  c o e f f i -  

c i e n t s  of p o t e n t i a l ' s  expression a convenient func t ion  of time Cl]. 
I f  we l i m i t  ourse lves  only t o  the  desc r ip t ion  of t he  p a r t  of t h e  

f i e l d  induced by inne r  ~ o u r c e s ~  we may ass ign  for the  time dependent poten- 
t i a l  of t he  mnin p a r t  of t h e  marnetic f i e l d  the  expression 

77 
.-CY? r, 6, h c;re the s t a n k r d  Feocraphical ly  o r i en ted  s p h e r i c a l  

m coord ina te r :  ro is tke  r i? . ius  o f  t he  3 a r t h  zssuued t o  be a sphere ;  pn (a) 
,?ye t h e  a d j o i n t  s p h e r i c a l  funct ions,  quas inorna l ized  a f t e r  Schmidt. We use 

f o r  time func t ions  convenient time d i f f e rence  polynomials r e l a t i v e  t o  t h e  

mean epoch to i r ,  the  form 
x x 

cnm(t)  = 2 y:, v ( t  - lo)v, S n m ( t )  = z u:,v<t - to)V. (2) 
v=o v=o 

* 
[Communication No. 180 of the  C;eomapetic I n s t i t u t e  o f  the  Academy of Sciences 
O f  Last Gcrmcn Denocratic Republic] 
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2. 

f i  Conpiled i n  Table 1 are the va lues  of t he  c o e f f i c i e n t s  y'<+ and 

f o r  K = 6 and X =  3, obta ined  by the r e spec t ive  processings of 25 ca lcu la-  

t i o n s  of t h e  p o t e n t i a l ,  known t o  the year  1959 c21. The r e l i a b i l i t y  of 
these  va lues  shDuld be inves t iga t ed ,  but  t o  t h a t  e f f e c t  we should also 
check the  r e l i a b i l i t y  of s epa ra t e  c a l c u l a t i o n s  of the  p o t e n t i a l ,  which, as 

is w e l l  known, is q u i t e  problematic. 

The expression (1) with the time func t ions  (2 )  give us  the  f u l l  
desc r ip t ion  of t he  s p a t i a l  d i s t r i b u t i o n  and temporal v a r i a t i o n  of t h e  

p a r t  of t h e  Ea r th ' s  magnetic f i e l d  i n  t he  corresponding time i n t e r v a l .  

Hence i t s  p a r t i a l  d e r i v a t i v e  i n  time d V / a t  provides  a complete d e s c r i p t i o n  

of t he  s p a t i a l  d i s t r i b u t i o n  and tem?oral course of t he  s e c u l a r  v a r i a t i o n  i n  
corresponding time i n t e r v a l .  This  r ep resen ta t ion  renders  poss ib l e  t h e  f u l l -  

value a n a l y s i s  of t he  p r o p e r t i e s  of t he  main p a r t  of t h e  t e r r e s t r i a l  f i e l d  

and its s e c u l a r  va r i a t ion .  

main 

The p r o p e r t i e s  of t he  r ep resen ta t ion  of t h e  time-dependent p o t e n t i a l  

wi th  the  a i d  of s p h e r i c a l  func t ions  compel us  t o  consider  two p e c u l i a r  forms 

of time v a r i a t i o n  of t he  main p a r t  of t he  t e r r e s t r i a l  f i e l d .  I n  t h e  first 

case ,  advantage is taken of the property af s p h e r i c a l  func t ions  t o  r e p r e s e n t  

t he  f i e 1 8  of mul t ipo les  placed at coord ina te  o r i g i n .  A t  the  same time, t h e  
temporal v a r i a t i o n  of t h e  moments and d i r e c t i o n s  of s epa ra t e  mul t ipo les t  

axes i s  inves t iga ted .  Such cons idera t ions  have been made by Fankelata and 
Lucke 
coord ina tes .  

[3]. The r e s u l t s  a r e  not  dependent on the  r o t a t i o n  of t h e  system of 

I n  the  second case  a p a r t i c u l a r l y  i n t e r e s t i n g  property of axis'  
d i r e c t i o n  is u t i l i a e d  ( l i n e  l i nk ing  both poles  .c)1= 0 
the system of geographical  coordinates  t h i s  d i r e c t i o 3  co inc ides  wi th  the  

axis of  ro ta - t ion  of t he  Ear th ,  i t  o f f e r s  a l s o  a phys ica l  i n t e r e s t ,  Then 

both  s t r u c t u r a l  p a r t s  i n  (l), denoted by s i x i l a r  i n d i c e s  ; and g a r e  

reduced t o  a s i n g l e  s t r u c t u r a l  element, the  m p l i t u d e  of which be ing  inva- 
riant r e l a t i v e  t o  the  r o t a t i o n  of t he  system of  coord ina tes  near  t he  axis 

of r o t a t i o n .  Such cons ide ra t ions  have been made f o r  exa ip l e ,  i n  C4]. 
The p resen t  no te  completes then. 

and 8 =Z). Since i n  
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I n s t e a d  of (1.1 we o--t;iE 
K n  

3 m 
~ 5 t h  +,'-e an?] i :ace A, 

c i e n t s  i n  (1) by t h e  c o r r e l z t i o n s  

( t )  nnd ph,-.se A,  ( t )  k e i n g  linked w i t h  ti;.: c o e f f i -  

2y s u b s t i t u t i o n  of  ( 2 )  A:: ( t )  

For  t h e  d e s c r i n t i o n  of the secular  variation we obtain f rom ( 3 )  : 

and (Inrn (t) may be also represented 

i n  the  form of time polgnomials. 
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0 

Here A$ ( t )  is  the  v a r i a t i o n  with t i m e  of the  s t r u c t u r a l  e lement ' s  
amplitude; 2," (t)  is the  v e l o c i t y  wi th  which t h e  e n t i r e  s t r u c t u r a l  element 

shifts westward, t h a t  is, the  ve loc i ty  of f i e l d ' s  western d r i f t .  The con- 

c lus ion  of northward d r i f t  of the  conf igu ra t ion  elere&% of t h e  main p a r t  

of the  magnetic f i e l d  cannot be obtained d i r e c t l y  w i t h  the  h e l p  of the  ana- 

l y t i c a l  r ep resen ta t ion  (I.). 

t h e  c o e f f i c i e n t s  c$ ( t ) ,  sf t )  with the  a id  of t h e  c o r r e l a t i o n s  (4) and ( 5 )  

rn * m  The q u a n t i t i e s  A, ( t )  and an ( t )  can be d i r e c t l y  expressed through 

Applying the  equat ions  (21, we may hence t o o  der ive  s p e c i f i c  time 
funct ions.  

A simple method allows t o  i n v e s t i g a t e  t o  what e x t e n t  t he  amplitude 
v a r i a t i o n s  and the  western drifts of sepa ra t e  s t r u c t u r a l  elements e n t e r  

i n t o  t h e  gene ra l  s e c u l a r  var ia t ion .  For t h i s ,  only the  mean va lues  about 

t h e  e n t i r e  su r face  of  t he  sphere have any s ign i f i cance .  It is appropr i a t e  

t o  apply a mean value of the  form 

for on account of o r thogona l i ty  c o r r e l a t i o n s  of s p h e r i c a l  func t ions ,  i t  
t a k e n  t h e  s p e c i f i c  form 

t h e  s e c u l a r  v a r i a t i o n  searched f o r .  

I n  order  t o  f c v i l i a r i z e  ourse lves  with t h e  

t5e  s e c u l a r  v a r i a t i o n  i t  is s u f f i c i e n t  t o  cons ider  

A t  (t) and i $ ( t )  and t h e i r  con t r ibu t ion  t o  t2 ( t )  

epochs 

. 
descr ibed p r o p e r t i e s  of  

t h e  numerical  va lues  of 
f o r  t h e  t h r e e  s e l e c t e d  
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Compiled i n  Table  2 a r e  the corresponding d?.ta, obtained on t h e  

b a s i s  of t he  v d u e s  .of  Table 1 f o r  the  epochs to = 1860, 1900, 1940 t o  
n = m  - 4  i nc lus ive .  There a l s o  a r e  given t h e  weighted m e a  values  of t he  
western d r i f t  wi th  the  r e q e c t i v e  con t r ibu t ions  of ( t ) I 2  ,?re app l i ed  

as weights for t h e  p o t e n t i a l  va r i a t ion .  
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- 
m 

- 
0 
1 
0 
1 
2 
0 
1 
2 
3 
0 
1 
2 
3 
4 

1860.0 

I I I 

- I  ,32 - 0,945 
-0,49 0,09 0,081 
1,07 - 0,229 
0,35 0,26 0,025 
0,04 0,28 0,000 
0.48 - 0.033 

0,319 

0,324 
0,462 

0,30 - 0,010 
-0.16 -0,56 0,003 
0,09 -0,22 .o ,001 
0,23-0,05 0,006 
0.05--0,39 O.Oo0 

'0.050 
0.018 
0;00! 
0.024 

A ,v e t a g  0: 0,i Plyeap 

m n , o  
I I I 

-3,321 -- 13,fi5 I 
-0,75 0,02 0.187 0,022 

0,035 

0,150 

0,006 
0,005 
0,009 
0.006 

~ 0,002 

1940.0 
I I 

-0,27 - 0,024 
-0,014;02 0,Ooo 
2,57 - 1,328 
1,28 0,32 0,326 
0,Ol 0,35 0,000 

0,66 0,02 0,063 
0.58 4, I3 0,048 
0,33 0,26 0,016 

0,35 0,59 0,014 
0.11 0.28 0.001 

0,73 - 0,075 

-0,64 - 0,046 

0,32Vyea; 

- 
[;:I* 

- 
0,014 

0,662 
0,804 

0,001 
. 0 ,043 
0,210 

0,067 
0,041 
0,011 
0.002 

The fol lowing conclusions z.re derived from T a b l e  2 : t he  r e l a t i v e  

c o n t r i h a t i o n s  of aclplitu6e v,mi?..tion and of western d r i f t  of s e p a r a t e  s t r u c -  

t u r a l  elements t o  the t i m e  v a r i a t i o n  of t h e  p o t e n t i a l  are very v a r i a b l e  i n  
time. The con t r ibu t ion  of t he  western d r i f t  p r e v a i l s  e s s e n t i a l l y  over t h a t  

of amplitude var i ; t ion .  The g r e a t e s t  con t r ibu t ion  t o  western d r i f t  of t h e  

e n t i r e  f i e l d  i s  made by s t r u c t u r a l  e l e n e n t s  with n = 2 ;  however, contr ibn-  

t i o n  by o t h e r  s t r u c t u r a l  elements can not  be neglected.  The s t r u c t u r a l  ele- 
ments do not  show a unique western d r i f t ;  some of them provide e a s t e r n  d r i f t .  

I n  t he  whole the  r e l i a b i l i t y  is i n s u f f i c i e n t .  The e r r o r  of the  mean values  
of  t he  weetern d r i f t  must a t t c i n  a t  l e a s t 2 0 , i  p e r  annum, pi'siGds8 We t&e 
i n t o  account a l l  sources  of e r r o r s ,  i nc lud ing  the  u n r e l i a b i l i t y  of t he  o r i -  

g i n a l  data.  

0 

L e t  u s  note  i n  conclusion t h a t  t h e  opera t ions ,  brought ou t  here ,  

depend on the  p o s i t i o n  of t he  axis of coord ina tes  = O  and can n o t  be 

c a r r i e d  ou t  f o r  any p o s i t i o n s  of t h i s  axis. 
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